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We have recently demonstrated  that monocytes and K  lymphocytes can decrease 
the viability of group C  meningococci  (Mgc)  in cooperation with human sera from 
persons  immunized  with  group  C  meningococcal  polysaccharide  (Csss)  (I).  This 
antibody-dependent  ceU-mediated  (ADC)  antibacterial  mechanism  occurs  in  the 
absence of added  complement  (1)  as does antibody-dependent  cellular cytotoxicity 
(ADCC)  by K  lymphocytes and  monocytes against  eucaryotic target  cells  (2).  IgA 
isolated  from  patients  convalescing  from  meningococcal  disease,  by  virtue  of  its 
inability to fix complement, blocks IgG- and IgM-dependent complement-mediated 
killing  of Mgc  (3,  4).  The  experiments  in  this  paper were  designed  to  test  if this 
convalescent  IgA, known  to  be immunologically  free of and  functionally  different 
from IgG and  IgM, could  induce  monocyte-mediated anti-meningococcal  activity. 
The purity and functional integrity of the IgA used is particularly important because 
previous  studies  in  which  the  opsonic  activity  of  IgA  was  tested,  have  yielded 
conflicting results (5-9). 
Materials and Methods 
Bacteria.  Group C, serotype II Mgc (strain  138-I) were stored, cultured, and prepared for 
use as targets in the ADC: antibacterial assay as previously described (1). 
Isolat,on of Serum IgG and IgA.  The immunoglobulins used in this study were isolated  from 
two  pools  of sera.  Each  pool  contained  equal  parts  of seven  sera  obtained  7-13  d  after 
disseminated group C type II meningococcal infection.  IgG and IgA were purified from 3-ml 
aliquots of these pooled convalescent  sera by a continuous in-line  chromatography system as 
previously described  (4)  Briefly, fractions that contained IgG and IgA after gel filtrauon over 
Sephadex G-200 (Pharmacia Fine Chemicals, Div. of Pharmacia, Inc., Piscataway, N. J.) were 
put over DEAE-Sephadex ion-exchange columns. Isolated IgG and IgA fractions were then 
further purified of one another using specific immunoadsorbent columns of cyanogen bromide- 
activated Separose 4B  (Pharmacia Fine  Chemicals,  Div.  of Pharmacia,  Inc )  to which  the 
appropriate goat anti-human immunoglobulins had been covalently coupled. Maintenance of 
biologic activity was confirmed by the ability of IgG to induce complement-mediated immune 
lysts of group C Mgc and by the ability of IgA to block this lysis was previously described (4). 
Quantttation of Anti-Group C Memngococcal Antibody.  The radioactive antigen-binding  assay 
described by Brandt et al. (10) was used to determine the amount of  anti-group G meningococcal 
antibody present in each Ig pool used.  1  Csss antigen-binding unit (ABU) was defined as that 
amount of antibody that would brad 1 ng of purified group G menmgococcal polysacchande 
ADC Antzbactenal Assay  The  monocyte population  used  tn  this  study  was  prepared  as 
prevtously  described  (1)  by harvesting  those  peripheral  blood  mononuclear cells  that  had 
adhered  to plastic flasks after overnight  incubation  The assay used,  a  modificauon of the 
bactericidal  assay  reported  by  Steigbigel  et  al.  (11), which  measures  leukocyte-mediated 
interference with bacterial growth (as assessed in colony-forming  units), was previously described 
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in detail (1)  To maintam optimal sensitivity in the assay, 0 02 ml of the bacterial suspension 
(containing 0.4-1.3  X  103 Mgc), 0.02  ml purified IgG or IgA, 0.02  ml RPMI-1640 culture 
media (Grand Island Biological Co., Grand Island, N. Y.), and 0.04 ml of monocytes (containing 
1 ×  104 cells) was added at 4°(3 in that order. The tubes were centrifuged at 2,400 g for 10 min 
before the addition of monocytes and at 250 g after the monocyte addition. 
When testing for antigenic specificity, diluted purified IgG and IgA were preincubated with 
purified group C  or group A  meningococcal polysaccharide for 60 min at  4°C  before the 
addition of bacteria. These antigen-antibody mixtures took the place of untreated antibody in 
assay tubes that either contained (experimental) or lacked (control)  monocytes. 
ADC: antibacterial activity is expressed  by the following antibacterial index (ABI).  ABI = 
100 -  (100) (number of viable bacteria in suspensions  incubated with immunoglobulin plus 
monocytes)/(number of viable bacteria in suspensions  incubated with  immunogiobulin but 
without monocytes for the same time period). 
Results 
Antzgen Spec~ctty of lgA- and IgG-dependent Monocyte-medzated Antzbacterzal Activzty.  In 
the absence of added polysaccharide, IgA and IgG induced antibacterial indices of 57 
+_ 4 and 72 :t: 2, respectively. In the presence of 2.4 #g of Csss, no antibacterial activity 
could  be elicited  by either IgA or IgG. In  the presence of even 9.6 #g of group A 
meningococcal  polysaccharide,  IgA and  IgG induced  ABI  of 61  +  2  and  62  :t:  2, 
respectively.  These  data  demonstrate  that  among human  group  C  meningococcal 
convalescent  sera,  the  IgG  and  IgA  antibodies  that  induce  monocyte-mediated 
antibacterial activity against group C Mgc (like the antibodies that induce neutrophil- 
mediated killing [12])  are directed against the capsular polysaccharide, Csss. In terms 
of antigen specificity, convalescent antibodies are, therefore, similar to the post-Csss 
immunization  antibodies  that  induce  neutrophil  (12),  lymphocyte, or mononuclear 
(13) cell-mediated anti-meningococcal activity. 
Effect of the lgA  Concentratzon on Monocyte-medlated Antzbacterzal Actzvzty.  As shown in 
Fig.  1 A, the magnitude of the antibacterial  index was dependent  upon the amount 
of specific anti-Csss IgA present. The minimal amount of IgA that induced ABI of at 
least  40%  contained  0.6  Csss  ABU.  Because  this  amount  of either  IgG or  IgM  is 
70  70  FB7 
x  60  60 
ae  50  50 
m.  40  40 
30  30 
co 
2O 
Z 
I0 
2O 
10 
2 4  1.2  0.6  0 3  0.15  2.5  5  10  20  0  5  15  30  45  60 
AMOUNT OF  IoA  (ABU)  MONOCYTES  X  lO'ilmi  INCUBATION  TIME (MINUTES) 
Fta  1  IgA-dependent monocyte-mediated anubactertal  acttv]ty,  each  bar represents the  mean 
+  SEM of three experiments. (A)  Effect  of the concentration of IgA: the amount of specific anti- 
Csss IgA is represented in terms ofCsss ABU per I00 ktl of test reaction mixture, each test reaction 
contained  1 ×  105  monocytes  (B)  Effect  of the  concentration  of monocytes, each  test  reaction 
contained  I 2  ABU  of IgA  (C)  Effect  of the  length  of the  test  mcubatton  Each  100 p,l  of test 
reactmn contamed  I 2 ABU of IgA and  I ×  105 monoc,~tes 454  LOWELL  ET  AL  BRIEF  DEFINITIVE  REPORT 
ineffective in our system (14), the indices induced by IgA could not have been a result 
of undetected cross-contamination of IgA by IgG or IgM. 
Effect of Monocyte Concentratton of lgA-dependent Antzbactenal Acttvtty.  At least  1 X  10  6 
monocytes/ml were required for optimal IgA-dependent antibacterial activity (Fig. 
1 B)  Whereas  5  ×  105 monocytes/ml also  elicited significant  antibacterial  indices, 
when  the  concentration  of monocytes was  decreased  further,  IgA-dependent  anti- 
meningococcal activity was not reproducibly present (Fig.  1 B). 
Effect of the Length of the Test Incubatwn on IgA-dependent Monocyte-medtated Antzbactenal 
Actwtty  Monoeytes, IgA, and bacteria needed to incubate together at  37°C  for at 
least  15  rain  for significant  antibacterial  activity  to  occur;  optimal  antibacterial 
indices were attained after 30-60 min of test incubation (Fig.  1 C). 
Effect  of Subphyswloglc  Temperatures  on  lgA-dependent  Monocyte-medmted  Anttbactenal 
Actwzty.  In  three experiments, when  the  test  incubauon  was  performed at  22°C, 
instead of at 37°C, average ABI were reduced from 67 ±  4 to 29 ±  3. When the test 
was run at 4°C, no significant activity was evident. 
Discussion 
The ability of IgA to promote opsonophagocytosis has been controversial for many 
years. Quie et  al.  (5),  Wilson  (6), and  Reed  (7)  were unable  to demonstrate  IgA- 
dependent neutrophil-mediated phagocytosis of various bacteria in vitro. With pul- 
monary  alveolar macrophages,  Reynolds  et  al.  (8)  found  that  either  IgA  or  IgG 
derived from local secretions could be opsonic. They concluded, however, that  IgG 
was more efficient than IgA (8). Bisno et al. (9), in contrast, showed that phagocytosis 
of gonococci by peripheral blood leukocytes (which included neutrophils and mono- 
cytes) could be enhanced  by IgA as well  as by IgG and  that  the opsonic titers of 
various  fractions of pooled  prostitute  sera  correlated  more  closely with  their  IgA 
concentrations than with their concentrations of IgG. It may be significant that m the 
studies  in  which  opsonic  activity  was  evident,  the  IgA  used  was  derived  from 
respiratory secretions  (8)  or sera  (9)  after infection  (8,  9),  whereas  when  bacterial 
opsonization was not evident, the IgA used was derived from normal colostrum (5-7). 
Others have generally used  more bacteria  in  cell-dependent assays  (5-9,  11,  12) 
than we have  The relatively low numbers of bacteria we used (0.4-1.3 ×  104/ml) are 
comparable to the bacterial concentrations that were used to correlate the absence of 
antibody-dependent complement-mediated bactericidal activity with susceptibility to 
meningococcal disease  (15). These low concentrations of bacteria are important  in 
increasing an assay's sensitivity to small amounts of purified immunoglobulin. The 
monocyte concentration, however, although reduced compared with other assays (8, 
11),  needed  to  be  at  least  5  ×  105/ml  to  promote  optimal  interaction  between 
monocytes and bacteria (Fig.  1 B). Although these concentrations may seem to some 
unphysiologic, we note that the concentration of monocytes in peripheral blood is ~4 
×  105/ml, whereas the concentration of bacteria in peripheral blood among 90-95% 
of adults suffering from gram-negative sepsis is <102/ml (16). Moreover, our require- 
ment  of this  concentration of effector cells  in  vitro  is  consistent  with  the  data  of 
Alexander et al  (17), who showed that although one neutrophil is known to be able 
to kill many bacteria, when lowering the concentration of bacteria to 104/ml, 5 ×  105 
neutrophils/ml are still needed for minimal activity and 5 ×  10  6 cells/ml are needed 
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In this paper, and in other papers (1,  13,  14), we have compared our system with 
the  ability of either  mononuclear or  polymorphonuclear cells  to  kill  target  cells 
intracellularly by phagocytosis or extracellularly via ADCC. Whereas antibacterial 
activity by monocytes has generally been considered to be an intracellular event (8, 
11), because monocytes can clearly kill nucleated target cells extracellularly via ADCC 
(2), we hesitate to si~eculate  at this time as to whether the activity we have reported 
occurs via an intra- or extracellular mechanism. We believe that visual examination 
is not adequate to answer this question because distinguishing between target bacteria 
that are inside monocytes from those resting on monocytes is fraught with pitfalls. 
The ADC antibacterial system we have described occurs in the absence of added 
complement; it therefore seems reasonable that this mechanism is most physiologically 
relevant to those sites in vivo where IgA and mononuclear cells are naturally present 
and complement is functionally deficient. Secretory surfaces including nasopharyn- 
geal, respiratory, and  intestinal  mucosa fit this description  adequately (8,  18,  19). 
Accordingly, we postulate that one function of specific antibacterial secretory IgA, 
may be to promote the ability of local monocytes and macrophages to limit bacterial 
multiplication among mucosal tissues, thereby decreasing the opportunity for systemic 
invasion by pathogenic bacteria. Indeed, activation of the complement cascade among 
extravascular tissues may result in unwanted concomitant generation of local immu- 
nopathology and inflammation. IgA, then, by virtue of its ability to block comple- 
ment-mediated lysis (3, 4) while facilitating cell-mediated antibacterial activity, may 
be thought of as having an immunoregulatory role. That  IgA does not block IgG- 
dependent monocyte and K lymphocyte-mediated antibacterial activity (14) supports 
this concept. 
Immunization with Csss protects against group C  meningococcal disease (20) and 
induces  antibodies  that  are  antibacterial  in  cooperation  with  complement  (21), 
neutrophils  (12),  monocytes, and K  lymphocytes (1). In addition, Gotschlich et al. 
(22)  have  suggested  that  systemic  Csss  immunization  specifically  increases  local 
defenses as  evidenced  by  the  fact  that  nasopharyngeal carriage  of group  C  Mgc 
among vaccinated persons  is low compared with control  groups.  Because Csss  im- 
munization induces antibodies of all three classes  (21),  we speculate that  the ADC 
antibacterial mechanism we have reported may contribute toward the enhanced local 
immunity described. This mechanism may also have been operative in the experiments 
of Freter, who showed that protection against enteric cholera infection was associated 
with  a  complement-independent  antibacterial  capability  of secretory  IgA,  which 
required  intact  intestinal  cells  (23)  and  was  inhibited  by  the  potent  inhibitor  of 
phagocytosis, iodoacetate (24). 
Appropriate evaluation of the role of this mechanism in local immunity requires 
the use of  secretory immunoglobulins and local mononuclear cells, particularly against 
enteric or respiratory pathogens against which local secretory immunity is thought to 
be  of major  importance  (25).  This  study suggests  that  such  experiments  may  be 
fruitful. Indeed, we have evidence that K  lymphocytes and monocytes can mediate 
ADC antibacterial activity against shigellae (G. H. Lowell, R. P. MacDermott, P. L. 
Summers, A. A. Reeder, M. J. Bertovich, and S. B. Formal. Manuscript in prepara- 
tion.). 
Summary 
IgA purified from the sera of patients convalescing from disseminated group  C 
meningococcal disease induced human monocyte-mediated anti-meningococcal actw- 456  LOWELL  ET  AL  BRIEF DEFINITIVE REPORT 
ity in vitro in the absence of complement. Both IgA- and IgG-dependent activity were 
directed  against  the  group  C  meningococcal  polysaccharide  (Csss)  capsule.  The 
amount  of IgA that  was  effective bound  <  1 ng of Csss.  Antibacterial activity was 
dependent  upon  the length and  the temperature of the test  incubation  and on  the 
concentration  of monocytes.  The  implications of this  mechanism  for  local cell-me- 
diated antibacterial immunity are discussed. 
We thank Ms. Jean Ouidas and Ms. Lydia Scarlis for typing this manuscript. 
Recewed  for pubhcatwn 31 March 1980 and m revised  form 2June 1980 
References 
1  Lowell, G. H, L. F  Smith, M.  S. Artenstein, G. S  Nash, and R  P. MacDermott.  1979. 
Antibody-dependent cell-mediated antibacterial activity of human mononuclear cells  I. K 
lymphocytes and monocytes are effective against meningococci m cooperauon with human 
tmmune sera J. Exp. Med.  150:127. 
2.  Levy, P. C., G. M.  Shaw, and A. F  LoBuglio  1979. Human  monocyte, lymphocyte and 
granulocyte anttbody-dependent cell-medtated cytotoxictty toward tumor cells  I. General 
characteristics of cytolysis J. ImmunoL 123:594. 
3  Griffiss, J  M  1975 Bactericidal activity of meningococcal anusera  Blocking by IgA of 
lyttc antibody in human convalescent sera. J. IrnrnunoL 114:1179 
4  Griffiss, J.  M.,  M  A. Bertram,  and  D.  D  Broud  1978 Separation and  punficatton  of 
immunogiobulins M, A, and G from small volumes of human sera by a continuous, in-line 
chromatographic process. J. Chromatogr. 156:121. 
5  Quie, P  G, R  P  Messner, and R  C  Williams. 1968 Phagocytosts in subacute bacterial 
endocarditis Localization of the primary opsonic site to Fc fragment.J  Exp. Med  120:553 
6.  Wdson, I  D  1972. Studies on the opsomc acuvity of human secretory IgA using an m vztro 
phagocytosis system J. lmmunoL 1011:726 
7.  Reed,  W.  P  1975. Serum  factors  capable  of opsonizmg  Shzgella  for  phagocytosis  by 
polymorphonuclear leukocytes Immunologr 28:1051 
8  Reynolds, H.  Y., J.  A. Kazmierowskl, and  H.  H  Newball.  1975 Specific,ty of opsonic 
antibodtes to enhance  phagocytos,s of Pseudomonas aerugmosa by  human  alveolar macro- 
phages.J  Chn. Invest. 56:376. 
9  Bisno, A. L., I  Ofek, E.  H.  Beachey, R  W  Chandler, and J  W  Curran  1975. Human 
lmmumty to Netssena gonorrhoeae: acqutred serum anubodles J. Lab  Chn  Med 86:221 
10.  Brandt, B  L., F. A. Wyle, and M. S  Artenstem. 1972. A radioactive antigen binding assay 
for Netsserta rnenmgttzdzs polysaccharide antibody. J. lmrnunol  108:913 
11  Steigbigel,  R.  T,  L.  H  Lambert,  Jr,  and  J  S  Remington.  1974. Phagocytic  and 
bactericidal properties of normal human monocytes J  Chn. Invest 53:131. 
12  Roberts,  R  B  1970  The  relauonship  between  group  A  and  group  B  menmgococcal 
polysaccharldes and serum opsonms in man J. Exp  Med.  131:499 
13.  Smith,  L  F, and  G.  H  Lowell  1980. Anubody-dependent cell-medtated antibacterial 
activity of human mononuclear cells  II. Immune specificity of antimeningococcal acttvity 
J  Infect Dts.  141:748 
14  Lowell, G  H,  L  F  Smith, J  M  Griffiss, B  L  Brandt, and  R  P  MacDermott  1980 
Antibody-dependent mononuclear cell-mediated antimenmgococcal activity. Comparison 
of the effects of convalescent and postimmumzation IgG, IgM, and IgA J  Chn  Invest 66: 
260. 
15  Goldschnetder, I, E. C. Gotschhch, and M  S. Artenstein  1969 Human  immunity to the 
menmgococcus. I  The role ofhumoral antibodies J  Exp  Med  129:1307 
16  Kreger, B  E,  D.  E  Craven,  P  C  Carhng,  and  W  R  McCabe  1980  Gram-negative LOWELL ET  AL  BRIEF DEFINITIVE REPORT  457 
bacteremia. III. Reassessment of etiology, epidemiology and ecology tn 612 patients Am.J 
Med. 68:332. 
17.  Alexander,  J  W., D  B. Windhorst, and R. A. Good  1968. Improved tests for the evaluation 
of neutrophil function in human disease. J. Lab. Chn  Med. 72:136. 
18  Reynolds, H. Y., and R  E  Thomson.  1973. Pulmonary host defenses. I. Analysis of protein 
and lipids in bronchial secretions and antibody responses after vaccinauon with Pseudomonas 
aerugmosa. J. Immunol. 111:358. 
19.  Thompson, R. A. 1979. Immunological mechanisms. In Immunology of the Gastrointestinal 
Tract. P. Asquith, editor. Churchill Livingston, Edinburgh.  14 
20  Artenstein, M.  S, R. Gold, J. G. Zimmerly, F. A. Wyle, H. Schneider, and C  Harkins. 
1970  Prevention of meningococcal disease by group C  polysaccharide vaccines. N  Engl. J 
Med. 282:417. 
21.  Gotschlich, E. C., I. Goldschneider, and M. S. Artenstein  1969. Human  immunity to the 
meningococcus. IV. Immunogemclty of group A and group C  meningococcal polysaceha- 
rides in human volunteers.J  Exp.  Med.  129:1367 
22.  Gotschhch, E. C., I. Goldschneider, and M. S. Artenstein  1969. Human  immunity to the 
meningoeoceus. V. The effect of immunization with meningococeal group C polysaccharide 
on the carrier state.J. Exp.  Med.  129:1385 
23  Freter, R  1970. Mechamsm of action of intestinal antibody in experimental anubacterial 
reacuon at the mucosai surface. Infect. Immun  2:556 
24.  Fubara, E. S., and R. Freter. 1973. Protection against bacterial infection by secretory IgA 
antibodies. J. ImmunoL 111:395 
25  Waldman, R  H, and R  Ganguly.  1974  Immunity to refections on secretory surfaces. J. 
Infect. D~s. 130.419 